Previous results indicate that while chaos can lead to substantial entropy production, thereby maximizing dynamical entanglement, this still falls short of maximality. Random matrix theory modeling of composite quantum systems, investigated recently, entails a universal distribution of the eigenvalues of the reduced density matrices. We demonstrate that these distributions are realized in quantized chaotic systems by using a model of two coupled and kicked tops. We derive an explicit statistical universal bound on entanglement, which is also valid for the case of unequal dimensionality of the Hilbert spaces involved, and show that this describes well the bounds observed using composite quantized chaotic systems such as coupled tops. Recently, entanglement has been discussed extensively due to its crucial role in quantum computation and quantum information theory [1]. Since a quantum computer is a many particle system, entanglement is inevitable and even desirable. Entanglement is important both at the hardware and software levels of a quantum computer, as the efficiency of all proposed quantum algorithms is based on it, hence its characterization as a quantum resource. The many particle nature of a quantum computer brings another phenomenon to the fore, that is chaos. Some studies have inquired whether chaos will help or hinder in the operation of a quantum computer [2]. At a more basic level several studies have explored the connections between quantum entanglement and classical chaos [3][4][5], two phenomena that are prima facie uniquely quantum and classical, respectively.
Previous results indicate that while chaos can lead to substantial entropy production, thereby maximizing dynamical entanglement, this still falls short of maximality. Random matrix theory modeling of composite quantum systems, investigated recently, entails a universal distribution of the eigenvalues of the reduced density matrices. We demonstrate that these distributions are realized in quantized chaotic systems by using a model of two coupled and kicked tops. We derive an explicit statistical universal bound on entanglement, which is also valid for the case of unequal dimensionality of the Hilbert spaces involved, and show that this describes well the bounds observed using composite quantized chaotic systems such as coupled tops. Recently, entanglement has been discussed extensively due to its crucial role in quantum computation and quantum information theory [1] . Since a quantum computer is a many particle system, entanglement is inevitable and even desirable. Entanglement is important both at the hardware and software levels of a quantum computer, as the efficiency of all proposed quantum algorithms is based on it, hence its characterization as a quantum resource. The many particle nature of a quantum computer brings another phenomenon to the fore, that is chaos. Some studies have inquired whether chaos will help or hinder in the operation of a quantum computer [2]. At a more basic level several studies have explored the connections between quantum entanglement and classical chaos [3] [4] [5] , two phenomena that are prima facie uniquely quantum and classical, respectively.
Such a connection between entanglement and chaos has been previously studied with the example of an N-atom Jaynes-Cummings model [3] . It was found that the entanglement rate is considerably enhanced if the initial wave packet was placed in a chaotic region. In another work of a similar kind, the authors have related such rates to classical Lyapunov exponents with the help of a coupled kicked top model [4] . Recently, one of us studied entanglement in coupled standard maps [5] and found that entanglement increased with coupling strength, but after a certain magnitude of coupling strength corresponding to the emergence of complete classical chaos, the entanglement saturated. The saturation value depended on the Hilbert space dimensions and was less than its maximum possible value. This result implies that, though there exists a maximum kinematical limit for entanglement, dynamically it is not possible to create it by using generic Hamiltonian evolutions on unentangled states. It should be emphasized that such bounds are statistical and are more unlikely to be violated the larger the Hilbert space dimension.
Recent related work [6] calculates the mean entanglement of pure states for the case M N by using a random matrix theory (RMT) model that allows specification of the joint probability distribution of the eigenvalues of the reduced density matrices (RDM). Below we calculate the entanglement from an eigenvalue distribution that is valid for large M and N. We show that this distribution describes well those obtained from a coupled kicked top model. There is also some early work that calculates the subsystem entropy for random pure states [7] . Apart from RMT simulations, we deal with an actual quantum mechanical system and relate these results to the presence of classical chaos; thus our results show in what context results such as in [6, 7] can be expected to be universal.
The previous studies on entanglement, in the context of chaos, were based on pure states of bipartite systems, where the von Neumann entropy of the RDM is a natural measure of quantum entanglement. We will also initially consider pure states and point out in the end that as a simple corollary we can estimate the entanglement of formation of any density matrix as well. Suppose that the state space of a bipartite quantum system is H H 1 H 2 , where dim H 1 N dimH 2 M, and dimH d NM. If P i p i j i ih i j is an ensemble representation of an arbitrary state in H , the entanglement of formation is found by minimizing P i p i Ej i i over all possible ensemble realizations. Here E is the von Neumann entropy of the RDM of the state j i i belonging to the ensemble, i.e., its entanglement. For pure states j i there is only one unique term in the ensemble representation and the entanglement of formation is simply the von Neumann entropy of the RDM.
The two RDMs of the bipartite state j i are 1 Tr 2 j ih j and 2 Tr 1 j ih j. The Schmidt decomposition of j i is the optimal representation in terms of a product basis and is given by 
